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Abstract
Cubic AlGaN "lms were grown on GaAs(1 0 0) substrates by MOVPE. Scanning electron microscope and photo-
luminescence were used to analyze the surface morphology and the crystalline quality of the epitaxial layers. We found
that both NH
3
and TEGa #uxes have a strong e!ect on the surface morphology of AlGaN "lms. A model for the lateral
growth mechanism is presented to qualitatively explain this e!ect. The content of hexagonal AlGaN in the cubic AlGaN
"lms was also related to the NH
3
#ux. ( 1999 Elsevier Science B.V. All rights reserved.
PACS: 81.10.!h; 68.55.Ce; 68.35.!p
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1. Introduction
The group III-nitride semiconductors have
attracted much attention for application to blue
light-emitting and laser diodes [1,2]. They are also
expected to be promising for electronic devices,
such as high-speed power devices, because of their
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excellent material properties and the existence of
a two-dimensional electron gas at the GaN/AlGaN
heterointerface. Although most applications so far,
such as LEDs and LDs, have used material with
a wurtzite structure, zinc-blende GaN has also
been studied extensively [3}9]. Recently, we have
achieved a cubic P}N junction GaN LED on
a GaAs substrate [10].
Heterostructure cubic group-III nitride alloys
have a large band-gap di!erence and can be cleaved
with a GaAs substrate. Therefore, they are promis-
ing for optical and electric device applications. To
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realize high-quality LEDs and LDs, a heterostruc-
ture structure should be adopted. Because it is
di$cult to grow cubic AlGaN "lms, there are only
a few reports on the growth cubic Al
x
Ga
1~x
N.
Nakadaira and Tanaka have recently reported the
MOVPE of cubic Al
x
Ga
1~x
N (0(x(0.23) and
showed room-temperature photoluminescence
spectra [11]. Wu et al. [11] reported the photo-
luminescence properties of cubic Al
x
Ga
1~x
N [12].
However, they did not investigate the Al
x
Ga
1~x
N
surface morphology extensively. In fact, the
surface morphology and crystalline quality of
AlGaN "lms will a!ect the subsequently deposited
GaN "lms. Thus, it will in#uence the quality
of GaN/AlGaN heterostructure. In our research,
we investigated the e!ect of NH
3
and TEGa
#ux on the surface morphology and optimized the
growth condition to realize higher crystalline
AlGaN.
2. Experimental procedure
Si-doped GaAs(0 0 1) was used as substrate. In
this study, the substrate was placed on a graphite
susceptor in a conventional horizontal reactor with
an RF heater. Triethylgallium (TEGa), triethyl-
aluminum (TMAl) and ammonia (NH
3
) were used
as precursors. The carrier gas was hydrogen (H
2
).
The pressure in the reactor was at 76 Torr during
the growth. First a 10}20 nm GaN bu!er layer was
deposited at 5503C, followed by the growth of
a 600 nm GaN layer at 8203C. Then, we deposited
a 100 nm AlGaN on the GaN layer. The samples
were divided into two groups. The samples of
group I were grown at di!erent NH
3
#ux (sample
1 at NH
3
#ux of 200 ml/min, sample 2 at NH
3
#ux
of 500 ml/min, sample 3 at 1000 ml/min, sample
4 at 2000 ml/min, the other growth conditions be-
ing the same). The samples of group II were grown
at di!erent TEGa #ux (samples 1 and 5 at a TEGa
#ux of 20 ml/min, sample 6 at a TEGa #ux of
40 ml/min, the NH
3
#uxes of these three samples
are a constant at 200 ml/min).
SEM imaging of the samples was carried out in
a standard manner using JSM-scanning electron
microscope and an accelerating voltage of 15 kV.
Photoluminescence was excited by the 325 nm line
of He}Cd laser. The measurement was taken at
room temperature.
3. Results and discussion
Fig. 1 shows the surface morphology of samples
with di!erent NH
3
#uxes (samples 1}4). As shown
in Fig. 1a, the pattern of sample 1 displays a typical
growth terrace structure. We can see that each
terrace is elongated along the [11 1 0] direction. In
this case, the steps of the GaN "lms will act as the
major sink for di!using adatoms. This kind of
step-#ow growth resulted in the terrace structure of
surface. Of course, the mobility of Ga adatoms is
high enough to reach the growing island edges.
Sample 2 (shown in Fig. 1b) shows a hatchet pat-
tern, indicating that the di!usion length of Ga
adatoms is not high enough to reach the step
edges. Thus, the size of growth island become
smaller. Fig. 1c shows the tile structure of sample 3.
Tiles are also striped along the [11 1 0] direction.
We can see that the size of the island groups is
much less than that of sample 2. This means that
the lateral growth of islands became smaller.
Sample 4 shows a similar pattern as that of sample
3, but the size of island in this sample is even
smaller. It clearly indicates that, by decreasing the
NH
3
#ux, the surface morphology changes grad-
ually. The change of island size is related to the
lateral growth rate.
Fig. 2 shows the surface morphology of samples
with di!erent TEGa #uxes (samples 5, 6 and 1). As
shown in Fig. 2a, the pattern of sample 5 grown at
a TEGa #ux of 20 ml/min displays a hillock-like
structure. We "nd that the lamellars are striped
along the [11 1 0] direction. But the size of islands
are much smaller than any one of the above sam-
ples. Fig. 2b shows pattern of sample 6. The pattern
is similar to that of Fig. 2a, but the size of the
lamellar was much larger. Sample 1 was grown at
a TEGa #ux of 20 ml/min, the other growth condi-
tions were the same as those of samples 5 and 6.
The surface of sample 1 had a typical growth ter-
race structure, whose size was very large. The sur-
face morphology evolution of the samples with
increasing TEGa #ux is reverse to that of samples
made with the NH
3
#ux.
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Fig. 1. SEM imaging of AlGaN "lms with di!erent NH
3
#ux: (a) sample 1, (b) sample 2, (c) sample 3 and (d) sample 4.
We now give a qualitative explanation of the
evolution of the AlGaN surface morphology under
di!erent growth conditions. The AlGaN "lms were
deposited on a GaN epilayer. As is known, the
surface of high quality GaN is composed of terraces
and edges. The lateral growth rate of AlGaN is
proportional to the number of bonds for binding
a Ga/Al atom to the growing step edge, and to that
number of bonds which depends on the Ga/Al
adsorption/desorption processes at the step edge
[13]. Since lateral growth proceeds when the mi-
grating Ga/Al species react with the N species ad-
sorbed at the step edges, the lateral growth rate,
R
-!5%3!-
, can be written as [13]
R
-!5%3!-
"kh
N
P
G!
,
where k is a parameter and P
G!
denotes the partial
pressure for the Ga species. h
N
is the N coverage at
the edges. Note that k includes the incorporation
probability for Ga species, relating the number of
bonds at the [11 1 0] and [1 1 0] step edges, and the
probability of Ga adsorbed at N sites. A Ga atom
at a [11 1 0] step is bound with three bonds; one to
the step side and two to the step bottom, while a Ga
atom at the [1 1 0] step has only two bonds; both
to the step bottom [13]. Therefore, k for the [11 1 0]
step should be larger than that of the [1 1 0] step.
This is why the terraces are elongated along the
[11 1 0] direction.
According to this equation, the evolution of sur-
face morphology in AlGaN "lms can be under-
stood easily. For the samples of group I, the only
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Fig. 2. SEM imaging of AlGaN "lms with di!erent TEGa #ux:
(a) sample 5 and (b) sample 6.
di!erence is in the magnitude of the NH
3
#ux. As
reported by Briot et al. [14], NH
3
can adsorb
indi!erently on both Ga and N sites. This results in
a site blocking e!ect: ammonia will compete with
gallium and prevent it from attaching to sites where
it is adsorbed. The area density of sites blocked by
ammonia adsorption will increase with increasing
ammonia #ux, thus decreasing the lateral growth
rate [14]. The change of surface morphology is in
agreement with this model. For samples of group
II, the only change is the magnitude of the TEGa
#ux. With the increase in TEGa #ux, the lateral
growth rate increases. So with increasing TEGa
#ux, the surface morphology of AlGaN changes
from a hillock structure to a terrace structure. As
the equation shows, the lateral growth rate has
Fig. 3. Photoluminescence spectrum of cubic AlGaN with dif-
ferent NH
3
#ux: (a) sample 1, (b) sample 2, (c) sample 3 and
(d) sample 4.
a linear dependence on the partial pressure of
TEGa, the TEGa #uxes have a direct e!ect on the
lateral growth rate, while the e!ect of NH
3
is very
complicated. The e!ect of NH
3
may be related to
the growth temperature [14]. But when the TEGa
#ux is very low, no matter how the N coverage
changes, the number of Ga atoms is limited, thus
the lateral growth rate does not increase greatly.
Not only the surface morphology of AlGaN "lms
but also the crystallinity of the epitaxial layer will
a!ect the GaN/AlGaN heterostructure. Thus, we
investigated the crystalline quality of the samples in
Fig. 1. Fig. 3 shows the photoluminescence spectra
of these samples at room temperature. We identi-
"ed the photoluminescence spectra of samples with
di!erent NH
3
#ux. In most of these samples, there
are three peaks, labeled a, b, and c. The c peak,
around 386 nm, is very weak, and originates from
the cubic GaN layer. The a and b peaks are
at about 347.9 and 364.3 nm, respectively. As
Nakadaira and Tanaka reported in Ref. [12], we
assigned the a peak to hexagonal AlGaN
and the b peak to cubic AlGaN. The Al molar
fraction of cubic AlGaN was determined by the
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relation: E"3.20#1.85x [12], which gave x"0.11.
The a peak is in agreement with the position of the
hexagonal Al
0.11
Ga
0.89
N (E"6.2x#3.39(1!x)!
bx(1!x), b"1.38) [15]. With an increase in NH
3
,
the a peak increased while the b peak decreased.
The intensity ratio of the cubic AlGaN to the hex-
agonal AlGaN decreased with increasing NH
3
#ux.
When the NH
3
#ux was 200 ml/min (Fig. 1a), the
a peak was not seen and AlGaN "lms were nearly
pure cubic AlGaN. Therefore, the crystal quality of
the cubic AlGaN was improved at lower #ux. This
case is the same as the growth of cubic GaN. It is
believed that cubic GaN is probably formed under
the Ga-rich conditions [14,16]. Thus, under low
NH
3
#ux, we obtain a high quality cubic AlGaN
alloys on GaAs(1 0 0) substrates [17].
In summary, we have investigated the e!ect of
NH
3
and TEGa #ux on the surface morphology of
the cubic AlGaN "lms, which were grown on the
GaAs(1 0 0) substrate by MOVPE. In terms of the
lateral growth model, we gave a qualitative ex-
planation of this e!ect. At the same time, the cry-
stalline quality of cubic AlGaN was found to be
related to the NH
3
#ux. Our e!ort may help to
improve the crystalline quality of the cubic AlGaN.
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